The effect of spongean alkaloids aaptamine (1), isoaaptamine (2), 9-demethylaaptamine (3), aaptanone (4), N-demethylaaptanone (5), and semisynthetic 4-Nmethylaaptanone (6) was studied on the growth of seedlings roots of soy {Glycine max (L.) Merr.}, maize (Zea mays L.), wheat (Triticum aestivum L.), buckwheat (Fagopyrum esculentum Moench), and barley (Hordeum vulgare L.). It was shown that a stimulatory effect depends on the chemical structure of the compounds and species of crop plants. The structural motif of aaptamines 1-3 is essential for a stimulating activity on the growth of seedling roots of soy, maize, and wheat. The oxygenated 1,6-naphthyridine core of aaptanones 5 and 6 is important for their growth stimulating activity on barley roots.
Marine natural products are exceptionally interesting compounds for applications in the pharmaceutical industry, due to their broad spectrum of bioactivities [1, 2] . From the huge amount of marinederived metabolites several structural classes were examined only as prototype insecticidal, herbicidal, and fungicidal agrochemical agents [3] .
As a part of our program on identifying new structural classes of marine metabolites that could serve as prototype for agricultural plant growth stimulants, we studied spongean alkaloids of aaptamine class, namely aaptamine (1), isoaaptamine (2), 9-demethylaaptamine (3), and their oxygenated congeners aaptanone (4) , N-demethylaaptanone (5), and semisynthetic 4-Nmethylaaptanone (6) (Figure 1 ) for their ability to stimulate initial stages of development of soy {Glycine max (L.) Merr.}, maize (Zea mays L.), wheat (Triticum aestivum L.), buckwheat (Fagopyrum esculentum Moench), and barley (Hordeum vulgare L.). Results of the study are presented in the Tables 1-5. As can be seen from Table 1 , all aaptamines 1-3 showed a stimulatory activity on the roots of seedlings of soy in a wide range of concentrations. At a concentration of 0.01 g/mL compounds 1-3 increased root growth of soy seedlings by 11-18%. The most active was 9-demethylaaptamine (3). It increased the root growth at a range of 0.001-10 g/mL concentrations with the highest growth (21%) at a concentration of 0.1 g/mL. Aaptanone 4 inhibited growth of seedling roots of soy, but 5 and 6 showed no stimulating activity. Aaptamine (1) and 9-demethylaaptamine (3) showed the stimulatory effect on the growth of seedling roots of maize (Table  2 ). If aaptamine (1) showed the maximum stimulatory effect (13%) at a concentration of 0.01 µg/mL, 9-demethylaaptamine (3) increased the root growth at a range of 0.001-10 g/mL concentrations with the highest growth (18%) at a concentration of 1.0 µg/mL. In contrast to 1 and 3 isoaaptamine (2) had no a stimulating effect on the growth of seedling roots of maize. Of aaptanones 4-6 only 6 showed stimulating activity on the root growth of maize (15% at a concentration of 1 µg/mL, Table 2 ). Seedling roots of wheat (Table 3) were sensitive to the action of aaptamine (1) and isoaaptamine (2) . These compounds showed the stimulatory effect on the root growth by 10% and 12% at concentrations of 10.0 µg/mL and 0.1 µg/mL, respectively, while 9-demethylaaptamine (3) had no effect on the root growth of wheat. Aaptanone 4 inhibited growth of seedling roots of wheat, but 5 and 6 showed no stimulating activity.
Of aaptamines 1-3 only aaptamine (1) at concentrations of 1.0 and 10.0 µg/mL stimulated the root growth of buckwheat (9% and 15%, respectively). Of aaptanones 4-6 only 6 showed stimulating activity (9-18%) at a range of concentrations of 0.1-10.0 µg/mL (Table 4) . From the structural point of view the difference between aaptamines 1-3 lies in the presence of either an N-methylated or a non-Nmethylated 1,6-naphthyridine core fused with a substituted benzenoid unit. Aaptanones 4-6 in contrast with aaptamines 1-3 have a rare oxygenated 1,6-naphthyridine core bearing two adjacent carbonyl groups in the 1,6-naphthyridine core. The structural motif of aaptamines 1-3 is essential for their stimulating activity on the growth of seedling roots of soy, maize, and wheat. The presence of carbonyl groups in aaptanones 4-6 leads to a lack of the growth stimulating activity on seedling roots of soy and wheat comparable with that of the standard growth stimulant heteroauxin. While the oxygenated 1,6-naphthyridine core of aaptanones 5 and 6 is imported for their growth stimulating activity on barley roots. Substitution patterns in aaptamines and aaptanones not influence significantly on the activity. This study showed that stimulatory effects depend more on the plant specie and a structure of a core of tested alkaloids.
Experimental
General: Silica gel (Sorbpolymer, Krasnodar, Russia), Sephadex LH-20 (Pharmacia Fine Chemicals), and Polyamide (Woelm, Germany) were used for CC.
Animal Material: The sponge Aaptos aaptos was collected by scuba at a depth of 6 m at the Tho Chu Island (Vietnam) in the South China Sea during the 45 th scientific cruise of R/V "Academik Oparin" in May 2013.
Extraction and Isolation:
A frozen sponge sample (50 g) was extracted exhaustively with acetone followed by EtOH. The acetone extract was chromatographed on a silica gel column in CHCl 3 -EtOH (3:2) to obtain: aaptamine (1, 6 mg), isoaaptamine (2, 3.8 mg), and 9-demethylaaptamine (3, 3.5 mg). The EtOH extract was concentrated under reduced pressure to yield a residue, which was chromatographed on a Polyamide column with EtOH to give aaptanone (4, 3 mg), and then with EtOH containing 1% of aqueous NH 3 to obtain N-demethylaaptanone (5, 1.6 mg). Final purification was achieved on a Sephadex LH-20 column using 50% aqueous EtOH. Compounds 1-5 were identified by comparison of their spectroscopic data with those of authentic samples [4, 5] . Semisynthetic 4-N-methylaaptanone (6) was prepared by methylation of 4 with MeI (acetone -K 2 CO 3 ) [5] .
Phytoregulating activity: The seeds of soy {Glycine max (L.) Merr.}, maize (Zea mays L.), wheat (Triticum aestivum L.), buckwheat (Fagopyrum esculentum Moench), and barley (Hordeum vulgare L.) were harvested in 2016. The assay was adapted from published method [6] . Heteroauxin was used as positive standard plant growth stimulator. The length of roots of a control was taken as 100%. Results were expressed as percentage of the control (M ± se). Data were analyzed using Origin 7.0 software. The significance of the results between control and test samples was estimated using the Student t-criterion (p < 0.05).
